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(54) Optical recording method 

(57) The present invention has enabled to solve var- 
ious problems associated with the optical recording 
medium of phase change type when high dertsity 
recording is conducted by reducing the record marks. 
Provided is an optical recording method lor an optical 
recording medium having a recording layer of phase 
change type wherein amorphous record marks are 
formed in the recording layer by inadiating the medium 
with a recorcfing t>eam which is power-modulated 
between high power and low power. In this method, min- 
imum record marks are formed such that at least a part 
of the rear erxi protrudes toward the forward end of the 
mark. 
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Description 

BACKGROUND OF THE INVEhfTION 
5 Reld of the Invention 

[0001 1 This invention relates to a nnethod for recorcfing an optical recording nneclum of phase change typa 
Prior Art 

10 

[0002] Highlight is recently focused on optical recording media capable of recordir^ Information at a high density 
and erasing the recorded infbrmation for overwriting. One typical overwritable optical recording medium is phase 
change optical recording medium wherein a laser beam is drected to the recording layer to change its crystalline state 
whereupon a change in reflectance t^ the crystallo^aphtc change is detected for reading of the informatioa The phase 
IS change optical recording media are of great interest since the medium can be overwritten by modulating the intensity 
of a single laser beam and the optical system of the drive unit is sirrple as compared to magnetooptical recording 
media. 

[0003] Most optical recording media of phase change type used chalcogenide systems such as Ge-Te system and 
Ge-Sb-Te syst^ which provide a sut>stantial difference in reflectance between crystalline and amorphous states and 

20 have a relatively stable amorphous State. It was also recently proposed to use new corTpoundslaK>wn as chalcopyrites^ 
Chalcopyrite corrpounds have been investigated as compound semiconductor materials and have been applied to 
solar batteries and the like. The chalcopyrite compounds are composed of Ib-lllb-Vlba or llt>-IVb-Vb2 as expressed in 
terms of the Groups of the Periocfic Table and have two stacked diamond structures. The structure of chalcopyrite com- 
pounds can be readily determined by X-ray structural analysis arid their basic characteristics are descrbed. for exam- 

2S pie. in Physics. V6I. 8. Na 8 (1987). pp. 441 and Denki Kagaku (Electrochemistry). Vbl. 56. Na 4 (1988). pp. 228. 
Among the chalcopyrite compounds. AglnTea is known to be applicable as a recording material by diluting it with Sb or 
Bi. The resulting optical recording media are generally operated at a linear velocity of about 7 m^ See Japanese Patent 
Application Kdkai No& (JP-A) 240590/1991. 99884/1991, 82593/1991. 73384/1991. and 151286/1992. In adcfition to 
the optical recording media of phase change type wherein chalcopyrite compounds are used, optical recording media 

30 of phase change type wherein /VgSbTe^ phase is formed with the crystallizaHon of the recording layer is disclosed in 
JP-A 267192/1992. 232779/1992. and 166268/1994. 

[0004] When information is recorded on the optfoal recording medium of phase change type, the entire recording 
layer is first brought into crystalline state, and then, a laser beam of high power (recording power) is applied so that the 
recorcfing layer Is heated to a terrperature higher tfian the melting point In the region where the recording power 

35 applied, the recording layer is melted and thereafter quenched to form an amorphous record mark. When the record 
mark is erased, a laser beam of relatively low power (erasing power) is applied so that the recording layer is heated to 
a terrperatire higher than the crystallization temperature and lower than the melting temperature The record mark to 
whk:h the laser beam of erasing power is applied is heated to a terrperature higher than the crystallization temperature 
and then allowed to sfowly cool to recover the crystalline state. /\coordingly. In the optical recording media of tiie phase 

40 change type, the medium can t>e overwritten l^y rrxxfulating tfie intercity of a single ligM beam. 

[0005] In general, recording density of optical recording media inducing optical recording media of phase change 
type can be increased to a level higher tfian tfiat of magnetic recording media. Today, further increase in the recording 
density ^ demanded for processing an enornfxxjs amount of information as in the case of image processing. Recording 
density per unit area can be increased by reducing the record mark length, by reducing the interval t)6twe6n the adja- 

45 cent tracks, and by reducing the interval in the track direction between the adjacent record marks. 

[0006] However, when the record mark lengtii is reduced, sufficient signal output is not attained, arxl oonsequentiy. 
C/N will t>e reduced. The recorcfing medium vnll also have a nanrow recording power margin. Stable formation of the 
record marks at a predetermined length will also become difficult to result in an increased jitter. 

50 SUMMARY OF THE INVENTION 

[0007] In view of the situation as descrit>ed above, an object of the present invention is to solve the problems asso- 
ciated v^h the high density recording at a reduced record mark lengtii. 
[0008] Such ot)jects are attained by the present invention as described in (1) and (4), befow. 

55 

(1) An optical recording metiiod for an optical recording medium having a recording layer of phase change type 
wherein amorphous record marks are formed in the recording layer by irradiating the medium witti a recording 
t>eam which is power-nxxJulated t>etween high power and low power, wherein 
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minimum record marks are formed such that at least a part of the rear end protrudes toward the fonward end of 
the mark. 

(2) An optical reoordng method acoorcBng to the above (1 ) wherein the rear end shape of the record mark protrud- 
ing toward the forward end is formed by crystallizing the region that has been melted by the irradiation of the record- 

5 ing beam. 

(3) An optical recording method according to the atKve (1) or (2) wherein the minimum record marks are formed 
such that: 

Ml^0.4X/NA 

when Mi_ is length of minimum record marks, X is ravelength of the recording beam, and NA is numerical aperture 
of objective lens of reoordng opticai system. 

(4) An optical recording method according to any one of the above (1) to (3) wherein the minimum record marte 
are formed such that: 

75 

Myy/M^ > 1 

when Mw is width of minimum record marks and is length of minimum record marks. 
20 BRIEF DESCRIPTION OF THE DRAWINGS 
[0009] 

FIG. 1 is a photomtcrogaph taken by a transniission electron rnicrosco^ 
25 containiTYg Ag, In, Sb and Te as its main components. This photograph is presented as a sut>stitute for a digram 
showir^ crystalline structure. 

FIG. 2 is a photomjcrograph taken by a transmission electron mk;roscope of a reconfing layer of phase change type 
corrprising GegSb2Te5. This photograph is presented as a sut)strtute for a diagram showing crystalline structura 
FIG. 3 is another photomforograph taken by a transmission electron microscope of a recording layer of phase 
30 change type containing Ag, In, Sb and Te as its main component. This photograph is presented as a substitute for 
a diagram showing cr^lalline structura 

FIG. 4 is another photomicrograph taken by a transmission electron microscope of a recording layer of phase 
change type containing Ag, In, Sb arxi Te as its main components. This photograph is presented as a 8ut>stitute for 
a diagram showing crystalline structura 
35 FIG. 5 is another photomicrograph taken tyy a transmission electron microscope of a recording layer of phase 
change type containing Ag, In, Sb and Te as its main components. Th^ photograph is presented as a suk>stitute for 
a diagram showing crystalline structura 

FIG. 6 is another photomicrograph taken by a transmission electron microscope of a recording layer of phase 
change type containing Ag, In, Sb and Teas its main components. This photograph is presented as a substitute for 
40 a diagram showing crystalline structura 

FIG. 7 is a schematic view shewing the record mark. 

FIG. 8 is a schematic view showing an embodiment of the recording pulse strategy. 

FIG. 9 is a cross sectional view of the optical recording medium according to an embodiment of the present inven- 
tk>n. 

45 FIG. 1 0 is a cross sectional view of the optfoal recording medium according to another embodinrtent of the present 
invention. 

FIG. 11 is a graph showing nonnalized reflectance of the optical recording medium in relation to the storage period 
of the medium under high tenrperature, high humidity concfitions. 

FIGS. 12A and 12B are respectively graphs showing normalized reflectance of the optical recording medium in 
so relation to the storage period of the medium under high temperature, high humidity conditions. 

pp-Alt-ED PESCRIPTIQN QF THE INVEmiQN 

[001 01 FIGS. 1 and 2 are respectively photomiao^aphs taken by a transmission electron microscope (TEM) of the 
55 recording layers of phase change type wherein record marks of 250 nm fong are formed. The recording layer in FIG. 1 
contains Ag, In, Sb and Te as its main components, and the recording layer in FIG. 2 comprises Ge^Sb^Tes. The 
"record mark length" used herein is the value determined from the linear velocity of the medium and the recording fre- 
quency. The dark colored regions regularly appearing in the figures are the record marks. In FIG. 1 , the upper left side 
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of the record mark is the rear end, while the low^ left side of the record mark is the rear erxi in FIG. 2. It should be 
noted that these record marks were formed by mcving the laser t>eam from the side of the forward end of the record 
mark to the side of the rear end of the record mark. 

[0011] In the present invention, the record marks are preferal)ty formed such that at least a part of the rear end of 
5 the record mark protrudes toward thefonvard end of the record mark as shown in FIGS. 1 and 2. It should be noted that 
not all of the record marks are required to have such contour, but at least the minimum record marks should have such 
contour. 

[0012] FIG. 7 is a schematic view showing the record mark. By fbnming the record mark in such shape, width Myv 
of the minimum record mark can be increased beyond the length Ml of the minimum record mark. It shouW be noted 

10 that Mw/Ml is preferably at least 1 . 1 . In a recorcfing medium of phase change type, the signal is read as a difference in 
the reflectance between the amorphous record marks and crystalline regions other than the record marks, and a record 
mark having a larger width Mw will result In a higher signal output if the record marks have the same length Accord- 
ingly, signal output of sufficient level can be attained in the present inventk>n even if the minimum record mark length is 
reduced to thereby inaease the linear recording density. However, an excessively high M^/^. is likely to result in an 

IS increased cross erase wherein the record marks on the adjacent track are erased or an increased aoss talk wherein 
the record marks on the adjacent track are read out. In view of such situation, the M^/Mt. is preferably up to 4, and more 
pr^erablyuptoS. 

[0013] Next, the method adopted to form the record marks having the rear end of the shape as descrft>ed above, 
and the reason why the relation Mw > Mi_ can be satisfied by the adoptk>n of such method are descrOt>ed. 

20 [0014] As described above. The optical recording medium of phase charge type is recorded by irradiating the 
medium with a laser beam modulated at least between the recording power and the erasing power. When the medium 
Is inradiated by the laser beam at the recording power, the region of the recording layer irradiated by the laser beam 
melts. The power of the laser beam is maintained for the duration corresponding to the record mark length, and then 
reduced to the erasing power so tfiat the molten region is rapidly cooled to become amorphous In the course of the 

25 record mark fbrmatkm as described abcve. a record mark having the rear end of the shape as described above can be 
formed by amorphousizing not all of the molten region and alkywing some of the molten regkm to be crystallized. To be 
more specific, the rear end of the record mark is crystallized as shown in FIG. 7 by skwing down the cooling rate of the 
molten region in its rear end portion (whteh is the skle of the laser t>eam destinatk>n). In the thus fonmed record marks, 
it is not likely that all erf the rear end protrudes toward the forward end of the record marK and the record marks typically 

30 has the shape as shown in FIG. 7 wherein a taiNike protrusion extending in the direction or the recording track is 
present at or near the center of the record mark rear end, for exanrple. a shape like a bat with expanded wings. 
[001 5] Crystallizatbn of some part of the molten region in the formation of the record marks is already descr3>ed In 
JP-A 71 76/1 997. To be more speciffe. JP-A 71 76/1 997 describes that recryslallizalron takes place in the fonward end of 
the record marks when the optical recording disc is operated at a low linear vek>city, and suggests that such recrystal- 

35 lizatk)n may be prevented by irracfiating the medium with a laser beam of recording pcwer level in a pulse train of par- 
ticular pattern. JP-A 7176/1997 also describes the mechanism of such crystaHizatk>n. Accorcfing to JP-A 7176/1997, 
the heat generated in the region corresponding to the rear half of the record mark by the irradiation of such region with 
the laser t>eam ts conducted to the region conresponding to the front half of the record mark whk:h has already been 
melted, and rapki cooling of such regk>n is inhbrted to result in the recrystallization of such regk)n. The recrystallizatbn 

40 caused by such mechanism described in the JP-A 7176/1997 is referred to as "self erase" in JP-A 232697/1999. 
[001 6] As disck>sed in the patent documents as described above, rt is known that the front end portion of the molten 
region may crystallize in the course of record mark formation by the "self erase", and that the sftape of the front end 
portion of the record marks is influenced by such cryslallizatbn. However, as disctosed in JP-A 7176/1997, emphasis 
has been laki on the prevention of such influence of seK erase on the record mark shape. 

45 [001 7] As opposed to such prior art. the rear end of the record marks can be formed in the shape as shown in FIGS. 
1 and 2 when the phenomenon similar to such self erase is intentionally induced in the rear end portk>n of the nx>Hen 
region In order to crystallize the rear end portion of the molten regton. The self erase phenomenon may be induced in 
the rear end portk>n of the molten region, for exarrple, by controlling the power and duration of the laser beam irradiated 
to such region. The heat applied by the laser beam irradiated to such region is conducted In the reanvard directk>n, and 

50 therefore, cooling rate of the rear end portion of the molten region can be regulated by controlling the power and the 
duration of the laser beam Irradiation, and the length of the CTystalline region in the rear end portion of the molten region 
is simultaneously regulated. When the self erase phenomenon is induced in the rear end portk>n of the molten region, 
crystallization mainly takes place in the lengthwise direction of the record mark, and scarcely in the wxfth direction. 
Accordingly, a record mark having a width relatively longer than its length can be formed by forrrting a relatively wide 

55 record mark having a relatively long length corresponding to its wklth by the use of a recording power of a relatively high 
le^el, and thereafter, crystallizing the rear end portion of the molten region by seH erase to thereby fonm the anxHphous 
record mark of the predetermined lerigth. 

[0018] Next, the method emptoyed In practk:e for regulating the self erase phenomenon in the rear end portion of 
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the molten region is descried. 

[001 9] Rrst, reooFCfing pulse strategy is descrbed. An optical recorcfing medium of phase change type is generally 
recorded, not k>y continuously irracfiating the medium with the laser bean of the recording power for the duration corre- 
sponcfing to the length of the record mark, but by irracfiating the mecGum by with the laser beam cSvided in a pulse train 

5 comprising a plurality of pulses for the control of the record marks as described in JP- A 71 76/1 997. Constitution of the 
pulse (fivision is generally referred to as the recording pulse strategy An embodiment of the recording pulse strategy is 
shown in FIG. 8 wherein a typical recording pulse train corresponding to 5T signal of NRZI signal is Dlustrated. In FIG. 
8, Ttop represents width of the top putee, Trnp represents width of the pulses other than the top pulse (whk^h are also 
refen-ed to as multi-pulse), and Id represents wklth of the downward putee (also referred to as the cooling putee) after 

10 the last pulse. Such pulse width is generally indicated by the value normalized with standard dock width (IT). In the 
recording pulse strategy shown in FIG. 8. power (bias power of all of the downward pulses including the cooling 
pulse is set at a value lower than the erasing power Pq. 

[0020] When the power of the laser beam is modulated by the recorcfing pulse strategy as described above, the self 
erase phenomenon in the rear end portion of the molten region can t>e regulated by controlling at least one of the 

IS recording power P^ Tj^^ power of the cooling power (bias power P^ in the illustrated embodiment). and the erasing 
power Pe. Although the control scheme may be adequately selected depending on the composition of the recording 
layer, the structure of the medium, and other factors relevant to the crystallization of the molten region, it is generally 
pr^erat)le to regulate at least one of the recording power P^ tiie erasing power P^. and T^. 
[0021 ] In the present invention, the record mark length is regulated by the use of the self erase phenomenon, and 

20 therefore, f lexibilrty in setting the record mark width is increased. For example, a wide record mark of the predetermined 
length can be formed by increasing both the recording power and the power after irracfiating the record power (cooOng 
pulse power and/or erasing power), namely, by melting a large area and increasing the area crystallized within the rear 
end portion of the molten area (see FIG. 3); while a narrow record mark of the predetermined length can be formed by 
reckicing botii tiie recording power and the power after irradiating the record pcwer, namely by melting a small area and 

25 rechidng tiie area crystallized within the rear end portfon of the nfx>lten area (see Fia 4). Therefore, a fully wide record 
mark extending beyond the recorcf ng track can be fonrad when erther one of tiie guiding groove and the land between 
two adjacent guide grooves is used for the recording tracK while a considerabty wide track without extending beyond 
the recording track can t>e formed in the case of the land/^oove recording wherein both the groove and tfie larxJ are 
used for the recording tracte. A high signal output is therek>y realized in tx3th cases. 

30 [0022] As descrfoed above, in the case of the present inv^rtion. record marks of the same length can t>e formed t>y 
adequately changing tiie power of the laser beam after irradiating the recording power even rt the recording power was 
changed. In other words, flexibility in selecting ttie range of the recording power (recording power margin) for forming 
the record marks of predetermined length is increased in the present invention. 

[0023] In contrast to such present invention, when the seK erase pherK>menon is not utilized for the formation of the 
35 rear end of the record marks, the rear end of the record marte formed will have a rounded shape like the front end of 
the record mark as shown in FIG. 2 of JP-A 71 76/1 997. When tiie length of the record mark is reduced in such a case. 
wkWi of tiie record mark will be reduced simultaneously with the record mark length, and the area of the record mark 
will be insufficient to attain sufficient output In adcfition. when the self erase phenomenon is not utilized, the record mark 
length will t>e substantially determined solely by the recordng power and tiie recorcfing power margin will be reduced. 
40 [0024] Furthermore, jitter will be reduced by the use of the seK erase pfienomenon in the formation of ttie rear end 
of the record marks when compared to the case wherein drcular or oblong record marks are formed. Such effect is par- 
ticularly remarkable in the formation of the minimum record mark. Even if the record mark had a suff k:ient widtii. circular 
and oblong record marks surfer from increased j'rtter compared to the case wherein the self erase phenomenon is uti- 
lized in ttie fomiation of the rear end of the record mark& It is generally taken for granted in the art ttiat a record mark 
45 with a highly symmetrk; contour with no indentation or protrusfon results in the reduced jitter. It is the inventors of the 
present invention who have for ttie first time found ttiat the j'rtter can be reduced by adopting ttie record mark of highly 
asymmetrical sfiape. 

[0025] In the present invention, the record mark width can be inaeased in relation to the record mark lengtti. and 
hence, deaease in the signal output tiy ttie deaease in the record mark length can t>e suppressed. Therefore, present 
50 invention is particularly effective when deaease in the minimum record mark length is required, and to be more precise, 
when the relation: 

Ml^0.4X/NA 

55 is required when M|_ is the minimum record mark length, X is the wavelength of the recording laser t>eam, and NA is the 
numerical apertu-e of the ot^ective lens of the recorcfing optical system. When the small record marks are formed wrtti- 
out utilizing the self erase in the rear end portion of ttie molten region, the record marks formed will be drcular or semi- 
circular, and ttie record mark wkitti will be reduced to the extent equivalent to the record mark lengtti. and the signal 
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output will be acoordingly reduced. The inventors off the present invention have found that the signal output is reduced 
beyond the critical lev^ when the r^ation: M |^ ^ 0.4AyNA is nrYet. In contrast, in the present invention wherein the 
record mark width can be irKreased in relation to the record mark length, record marks with suffffident width can t>e 
formed even rt The relation: M ^ ^ 0.4a;na is met and signal output off suffffident lev^ can be thereby obtained. 

5 [0026] The optical reconfing medium to which the present invention is applied is not limited for the material off the 
recording layer off phase change type. However, when the minimum mark length is short, to t>e more spedffic, when the 
minimum mark length is 350 nm or less, and in particular. 300 nm a less, the recording layer empksyed is preferably 
the one containing Ag, In, Sb and Te as its main components and desirably containing Qe and/or N as its sii> conrpo- 
nent By using the recording layer containing Ag. In, Sb and Te as its main components, deformation in the shape off the 

10 record marks associated with the minimum record marks off reduced length can t>e suppressed for the reason as 
descrit>ed beAcw. 

[0027] As described above, FIG. 2 is a JEM photomicrograph off the recording layer comprising Ge2Sb2Ti^ wherein 
record marks off 250 nm fong are formed, and FIG. 1 is a TEM photomicrograph off the recording layer containing Ag. 
In, Sb and Te as Hs main components wff)erein record marks off the same length .are formed. In FIG. 2. coarse crystail 

IS grains having a cfiameter almost to reach haH off the record mark length are found. The size and number off such coarse 
crystal grains diffffer among marks, and it is dear that the record mark length off FIG. 2 greatly vary among marks. The 
diameter off the coarse crystal grains responsible for such record mark length variation is in the range off from tens to 
about a hundred nanometers, and therefore, formation off such coarse crystal grains gives considerable inffluence on 
the record marks off about 250 nm long. In adcfition. shape off the crystal grains in the rear region off the recorded marks 

20 are random, and therefore, the shape off the defonned record marks and the shift off the rear end position differ from 
mark to mark. The strategy off adjusting the record marks in their reading can not be adopted. The inventors off the 
present invention conducted experiments and found that critical increase in the jitter off the readout signal is induced in 
the recording layer having a Ge-Sb-Te-based composition such as GegSb2Te5 when the record mark length is reduced 
to 350 nm or less, and in particular, to 300 nm or less. On the other hand, in the case off FIG. 1 , although coarse crystal 

25 grains are also present near the rear end off the record marks as in the case off FIG. 2, such coarse crystal grains hardly 
affect the rear end shape of the record marks, and variatfon in the record mark length is minimal. 
[0028] The coarse crystal grains near the rear end offthe record marks in FIGS. 1 and 2 are those formed by crys- 
tallization off the rear end portion off ttie molten region. The sntall variation in the record mark lengtti of FIG. 1 is believed 
to have been realized by the situation that, in the recorcfing layer containing Ag. In, Sb and Te as its main components, 

30 crystallization occurs depending on the cooling rate distribution in ttie rear end portion off tiie molten region, and the 
crystallization temiinates at the position where the coding rate reaches ttie critical value for crystallization. In contrast, 
the large variation in ttie record mark lengtti of FIG. 2 is believed a have been induced by ttie situation ttmt crystalliza- 
tion in ttie recording layer of GegSb2Te5 proceeds and terminates beyond and before the position where ttie coding rate 
reaches ttie critical value for crystallization once the crystallization has started in ttie region coded at a slow rata 

35 [0029] The inventors d the present invention also found that ttiermal stabifity of ttie record marks critically reduces 
when ttie lengtti off ttie record mark is reduced to 350 nm a less, and in particular, to 300 nm or less, and ttie resulting 
recorcfing medium wUI be less reliable since ttie record marks are more likely to become crystallized during its storage 
under high temperature condtions. Such poor ttiermal stabOity d the small record marks may be improved by adding 
Ge and/br N to ttie recording layer containing Ag, In, Sb and Te as its main componenta Addtion of Ge and/or N results 

40 in ttie inaease off ttie crystallization temperature as wdl as the activation energy off ttie recording layer, and high rdia- 
bility is thereby realized. 

[0030] When the atomic ratio d the main components constituting the recording layer containing Ag, In. Sb and Te 
as its main components is represented by the formula (I): 

45 ^alObSbcTesd (I) 

a, b, c. and d are preferably in ttie range d: 0.02 ^ a ^ 0.20, 0.02^ b ^ 0.20. 0.35 ^c^ 0.80. and 0.08 ^ d ^ 0.40; and 

more prefer^y, in ttie range of: 0.02 ^ a ^ 0.10. 0.02^ b ^ 0.10, 0.50 ^ c ^ 0.75, and 0.10 ^ d ^ 0.35. 

[0031] If ttie value d a is too small in formula (1), recrystallization d ttie record marks, and hence, repetitive ever- 

50 writing will become difffficuH In contrast if the value off a is too large, excess silver will sdely diffuse into the antimony 
phase during tiie recording and erasure. This results in a reduced rewriting durat)iirty, less stat)ility d botti ttie record 
marks and the crystalline regions, and loss d reliatxirty Specifically, when the medium is stored at an elevated tenper- 
ature, crystallization d ttie record marks will be promoted to invite drops d C/N and degree off modulation. In addition, 
the medium will undergo faster degradation in C/N and modulation deg-ee in the repeated recording operations. 

55 [0032] Iff the value d b is too small in formula (I), the record marks will become less amorphous to result in reduced 
degree d modulation and insufficient reliability If the value off b is too large, reflectance off the regions other than the 
record marks will become reduced and the degree off modulation will be reduced. 

[0033] If the value d c is too small in formula (Q, difference in the reflectance created by the phase change will t>e 
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sufficient but erasure wilt be diff icutt chje to markedly reduced rate of crystal transition. If the value of c is too large, ttie 
reflectance difference created by tfie phase change will t>e insufficient to invite drop in the degree of mockilation. 
[0034] If the value of d is too small, the recording layer will be difficult to render amorphous, and signal recording 
may become inpossible. If the value of d is too large, crystal transition rate will t>e excessively low to render the erasure 
5 difficult 

[0035] Content of the germanium in the recording layer is preferably up to 25 at%, and more preferably up to 15 
at%. When the germanium content is too high, properties of the Ag-lr>-St>-Te-based recording material will not t>e fuDy 
realized. Germanium is preferably added In an amount of at least 1 at%. and more preferat)ly in an amount of at least 
2 at% in order to fully improve the stability in reading by the germaniimn addition. 
10 [0036] JP-A 267926/1996 discloses an optical recording medium having a recording layer of phase change type 
represented by the formula: 

{(AaBbCJi-cDdli-eEo 

IS wherein A is Ag and^cr Au; B is Sb and/or Bi; C is Te and/or Se; D is In, or In and Al and/br P; and E is at least one 
element selected from Si. Ge, Sn, and Pb; and a, b. c. d. and e represent atomic ratio such that: 

0.001 ^ a ^ 0.20. 

20 0.40^b^0.90, 

0.10 ^ c ^ 0.50, 
a->-b-i-c= 1, 

25 

0 < d ^ 0.06, and 
0.001 ^ e ^ 0.10. 

30 The recording layer of phase change type described in JP-A 267926/1996 and the optical recording medium of the 
present invention share the common features of including Ag. In, Sb and Te as the main components and the possibility 
of including Ge. The Invention described in JP-A 267926/1 996, however, attempts to realize a sufficient degree of eras- 
ure even when the medium is operated at a high linear velocity t}y tfie addition of element E which may t>e Ge, and this 
invention is different in this respect from the present invention. JP-A 267926/1996 is also silent about the critical 

35 improvement in the thermal stat>ilrty of the small record marks of the length of up to 350 nm realized by the adcfition of 
Ge. As descrbed in the Examples of the present invention, the thermal stability of the small record marks undergo a 
specific improvement by the addrtbn of Ga In contrast, the elements mentioned in JP-A 267926/1996 as being equiv- 
alent to Ge do not have the merit of improving the thermal stability of the small record marks. 
[0037] Nitrogen may be introduced in the recorcfing layer, for example, by conducing the sputtering of the recording 

40 layer in an atmosphere containing nitrogen in addition to the rare gas such as argon. Fkyw rate ratio of the atmosphenc 
gas (nitrogen gas/rare gas) may be adjusted so that benefits of nitrogen adcfition is sufficiently realized while avoiding 
excessive introduction of the nitrogen gas. The ratio is preferably in the range of 2/1 50 to 8/1 50. When the flow rate ratk> 
is too low, nitrogen content in the recorcfing layer will be insuff k;ient to realize the t>enefits of the nitrogen ad(fitx>n. In 
contrast, when the ftow rate ratio is too high, nitrogen content in the recording layer will be too high and the reflectance 

45 difference created by the phase change will t>e reduced to result in the insuff k^tent degree of modulation. 

10O3B] The recording layer may optionally contain elements other than the main components and the subKX>rTpo- 
nents as described above. Such additbnal elements may be element M which is at least one element selected from H, 
Si, C. V, W, Ta, Zn. Ti, Ce. TU Sn, Pb and Y The element M is effective for improving rewriting durability, and more spe- 
cifically, for presenting loss of erasat)ility as a result of repetitive rewriting operations. Of the elements as mentioned 

50 above, inclusion of at least one member selected from V, Ta. Ce, and Y is preferred because the effects are more out- 
standing. Content of the element M in the recording layer is preferably up to 10 ai%. When the content of the element 
M is too his^, the reflectance difference created by the phase change will be reduced to invite insufficient degree of 
modulatk>n. 

[0039] The recording layer preferat)ly consists essentially of the elements as described abova However, it is 
55 acceptable that Ag is partially replaced by Au; Sb is partially replaced by Bi; Te partially replaced by Se; and In is par- 
tially replaced by Al anci/or P. 

[0040] The percent replacement of Ag by Au is preferably up to 50 at%. and more preferably up to 20 ai%. When 
the percent replacement is too high, the record marks are likely to crystallize, and k>ss of reliability at elevated terrper- 
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ature is invrted. 

[0041 ] The percent replacement of Sb t)y Bj is preferat)ly up to 50 at%, and more preferably ip to 20 a1%. When 
the percent replacement is too high, the recording layer will have an increased absorption coefficient, and the optical 
interference effect will be reduced. This results in reduced difference in reflectance between Ihe crystalline region and 
the anvxphous region, and hence, in reduced degree of modulation as well as in the difficulty of realizing a high C/N. 
[0042] The percent replacement of Te by Se is preferably up to 50 a1%, and more preferably tf) to 20 at%w When 
the percent replacement is too high, crystal transition rate will be too stow and the erasability will be insufficient. 
[0043] The percent replacement of In by Al and/or P is preferably up to 40 ai%. and more preferably up to 20 ai%. 
When the percent replacement is too high, record marks will become less stable to result in the loss of reliatxility. The 
proportion of Al and P is art»trary. 

[0044] As denK>nstrated by the fact that the shape at the rear end of the record mark is controlled by the crystal 
grains in FIG. 2. the present invention Is also applicable to a medium having a Ge-Sb-Te-based corrposition such as 
Ge2Sb2Te5. When the atomic ratio of the constituent elements is represented by the formula (II): 

GegSbaTeg 

the Ge-Sb-Te-based composition is preferably such that: 

0.08 ^ a ^ 0.35. and 
0.12^b^0.40. 

[0045] The recording layer is preferably formed to a thickness of 9.5 to 50 nm. and more preferably, to a thickness 
of 13 to 30 nm. When the recording layer is too thin, growth of the crystalline phase will be difficult and the reflectance 
difference created by the phase change will be insufficient. When the recording layer is too thk:k. the recording layer will 
have an inaeased heat capacity to render the recording difficult An excessively fhkk recording layer also results in the 
reduced reflectance and in the reduced degree of modulatkxi. 

[0046] The composition of the recording layer may be klentified by electron probe microanalysis (EPN4A). X-i^ 
microanalysis. ICR etc. 

[0047] The recording layer is preferably formed by sputtering. The sputtering conations are not particularly limited. 
For exairple. when a recorcfing layer conprising a material inducfing two or more elements are to be formed, the sput- 
tering may be conducted by using an alloy target, or alternativety. by multi-target sputtering wherein two or more targets 
are used. 

[0048] A typk»l embodiment of the optk^l recording medium of phase change type corrprises a substrate 2; and 
a first dielectric layer 31 . a recorcfing layer 4. a second dielectric layer 32. a reflective layer 5. and a protective layer 6 
disposed on the substrate 2 in this order. In the medium of such embodiment, the recordng/reading light irradiated 
through the sut>strate 2. 

[0049] The optical recording mecfium of the present invention may also have a constitution shown in FIG. 10. In the 
case of such constitution, the reacting laser beam is irracfiated without passing through the substrate 2, and in this case, 
the reflective layer 5. the second dielectric l^er 32. the recording layer 4. the first dielectric layer 31 , and the protective 
layer 6 are stack on the substrate 2 in this order. 

[0050] The present invention is applk»ble not only to the rewritable optical recording medium of phase change type 
but also to the writ&once type optical recording medium of phase change type. The write-once type medium is a 
recordable medium wherein ttie once formed record marks are unerasable. The term *i^erasability' used herein does 
not mean that the medium is un^asable under all conditions txit that the ntedium is recordable but unerasable (namely, 
the record marks are uncrystallizable) when the medium is subjected to an overwriting operation under the concfitions 
the same as those of the rewritable medium (namely, at tiie same erasing power and the linear velocity). Such write- 
once type medium can be realized kyy forming the recording layer from a corrposition which is cfiff knjft to crystallize, for 
exarrple, from a composition having a high crystallization tenperature. Ordinary rewritable medium can be used as a 
writeonce type mecfium t>y reducing the erasing power and/or by increasing the linear velocity of the medium. 

EXAf^PLES 

[0051 ] Exarrples of the present invention are given below by way of illustration and not by way of limitation. 
Example 1 

[0052] Samples for equation were prepared t>y using a slide glass for the sut)strate 2. arxl fonming a first cfielectric 
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layer, a recording layer, a second delectric layer, and a reflective layer on the substrate 2 in this order. 

[0053] The first dielectric layer was formed by sputtering in argon atnrx>sphere using ZnS (80 mol%) - SiC^ (20 

mol%) for the target The first diel ectric layer was fonned to a thickness of 80 nrrt 

[0(M] The recording layer formed was the one containing the components as shewn in Table 1 for the main com- 
5 ponents and the sub-components. The recording layer ms prepared by sputt^ng in argon atmosphere or argon arxl 
nitrogen (N2 + Ar) atmosphere (in the case of nitrogen introduction) using Ag-ln-Sb-Te alloy or Ag-ln-Sb-Te-Ge alloy for 
the target. The atorrac ratio of the main components was: 

a = 0.07. 
10 b = 0.05, 

c - 0.59, and 
d = 0.29 

\n formula (1): Ag^lnt^SbcTe^. The recording layer was formed to a thickness of 23 nm. Ge content of the recording layer 
75 is shown in Tat>le 1 . Row rate ratio of the atmospheric gas (fVAr) in the formation of the recording layer is also shown 
in Table 1. 

[0055] The second dielectric layer was formed by sputtering in argon atmosphere using ZnS (50 mol%) - SiOg (50 
mol%) for the target The second dielectric layer was formed to a thickness of 25 nm. 

[0056] The reflective layer was formed by sputtering in argon atmosphere using Al - 1.7 at% Cr for the target The 
20 reflective layer was formed to a thickness of 100 nm. 

Evaluation 

[0057] Crystallization terrperature of the recording layer 4 was determined by placing the sample on a heating 
25 stage, irradiating the sarrple with the laser beam through the sut>strate 2 as the temperature is elevated at 30''C/min, 
and measuring the temperature of the reflectance change. The sanples were also evaluated for increase in activation 
energy t>y the adcfition of Ge to the Ag-ln-Sb-Te layer through measurement of the activation energy of the recording 
layer t>y Arrhenius metfiod. The results are sftown in Table 1 . 



30 

Table 1 





Sample No. 


Main Compo- 
nents 


Sub-Component 


Ge content (at 
%) 


rvAr 


Crystallization 
teirp. CC) 


Activation 
energy (eV) 


35 


1 ^ 


Ag-ln-Sl)-Te 








175.5 


3.15 




2 


^-ln-Sk>-Te 


Ge 


2 




185 


3.41 




3 


Ag-ln-Sb-Te 


Ge 


5 




201 


4.59 




4 


Ag-ln-SthTe 


Ge 


10 




231 


4.95 


40 


5 


Ag-ln-Sl)-Te 


N 




5/150 


193.5 






6 


Ag-ln-Sl)-Te 


N 




10/150 


207 





45 [0058] As shown in Table 1 , addition of Ge or N as the sub-conrponent results In the increase of crystallization tem- 
perature, and adcfition of Ge as the sut>-component is also associated with the increase In the activation energy. 
[0059] It should be noted that the reflectance difference (difference between the reflectance in crystalline state and 
the reflectance in anwrphous state) was 3.6% when the recording layer was formed in the atmosphere free from N2, 
while the reflectance difference was 3.1% at I^Ar of 5^150 and 2.3% at fVAr of 10/150. It was thus confirmed that 

so addition of N to the recording layer results in the decrease of modulation degree. 

Exanrple2 

[0060] A substrate 2 in the form of a disc having a diameter of 1 20 mm and a thickness of 0.6 mm was prepared by 
55 injection molding polycartx>nate. Grooves were simultaneously formed In the Injection molding of the substrate 2. On 
the grooved surface of the substrate 2, there were formed a first dielectric layer, a recording layer, a second cfielectric 
layer, and a r^lective layer in this order by the procedure as descrit>ed for the evaluation sample Hos. 1 to 6 in Exannple 
1 to produce optical recording disk sample t4os. 1 to 6. 
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[0061 ] The recording layer of the thi^ produced sample was initialized (crystallized) by a bulk eraser arvJ the sam- 
ple was placed on an optical recordng medium evaluator. The sample was overwritten urxier the conditions as 
described t)elow: 

5 Laser beam wavelength: 638 nm 
Numerical aperture, NA: 0.6 
Linear velocity: 3.5 m/s 

Recorded signal: single signal con-esponding to the record mark length of 250 nm. The recording pulse strategy 
was of the pattern shown in FIG. 4 wherein: 

70 

Ttop:T^:T^=0.5:0.3:0.5. 

Number of multi-pulse = 1, 
P^=11.0mW, 
15 Pg = 5.0 mW, and 
Pb = 0.5mW. 

The sample was then stored in the environment of SO^'C and 80% RH for 1 00 hours. 

[0062] Average reflectance of the track formed with the record marks was measured before and after the storage 
20 to find the atteratk>n in the reflectance. If the record marks crystallize during the high temperature storage, the average 
reflectance will be altered. For comparison purpose, a medium recorded with the single signal corresporxJing to the 
record mark length of 620 nm was measured for the reflectance in the same manner except that reflectance at the 
record mark and rrat the average reflectance of the track was measured in the case of the record mark length of 620 
nm. At the record mark of 620 nm, reflectance alteration was found in no sample while reflectance alteration was noted 
25 In Sample No. 1 having the sub-oomponent-free recording layer when the record mark length was 250 nm. 

[0063] When the record mark lerigth was reduced to 1 50 nm. and the sanples were measured after storing at 80*^ 
and 80% RH, Sarrple No. 1 exhibited reflectance atteratfon after storing for 50 hours while other sanples exhibited no 
reflectance alteration after storing for 100 hours. 

[0064] A photonvcrograph of Sample No. 2 after forming the record marts of 250 nm long taken by a transmission 
30 electron microscope of is shown in FIG. 1. A photomicrograph was also taken by a transmission electron microscope 
for a sample having the record marics of 250 nm long formed thereon whk;h had t>een prepared as in the case of the 
at)ove-descrS>ed samples except tfiat the composition of the recording layer was Ge^Sb2Te5, arxi the photomicrograph 
is shown in FIG. 2. It shouki also be noted that, in the sample shown in FIG. 2, the recording pulse strategy was such 
that: 

T^:T^:Td = 0.5:0.22:0.5 
and other recording conditfons were the same as tfiose of the sample of FIG. 1 . 

[0065] Comparison of FIG. 1 with FIG. 2 revealed that the record marks are less deformed in the Ag-ln-Sb-Te- 
40 based recording layer. As in the case of FIG. 1 . the contour of the record mark rear end ras not ^-eatly affected by the 
coarse crystal grains In the Sample Nos. 1 and 3to6shGwninTable 1. 
[0066] It shouM be noted that Mw/M|_ was 1 .8 or mae in FIG. 1 , and 2.2 or more in FIG. 2. 

Examples 

45 

[0067] Sample No. 3 produced In Example 2 was formed with record marks of 300 nm fong by repeating 10 over- 
writing operations, and the recorded sample was stored under high temperature, high humidrty conditions cf SO'^C and 
80% RH to equate the relation between the reflectance and the storage period. It should be noted that the reflectance 
measured was the reflectance at the record mark. For compart purpose, samples having a recording layer contain- 
so ing the elements mentioned as being equivalent to Ge (naniety, Si or Sn) in JP-A 267926/1 996 were also produced, and 
these samples w^e also evaluated for the relation between the reflectarx^e and the storage period. The results are 
shown in FIG. 11. The "normalized r^lectance" in the vertk»l axis of FIG. 11 is the reflectance normalized by the 
reflectance t>efore the storage. 

[0068] As denxHistrated in FIG. 1 1 , the recording layer having the elements other than Ge added thereto exNbited 
55 a steep inaease in the reflectance before storing for 300 hours to indicate the crystallization of the record marks. In con- 
trast, no sut>stantial increase in the reflectance was noted after passing 1000 hours when the recording layer had Ge 
added thereto The advantageous effects of Ge addition for the improvement in the stability of smalt record marks was 
dearly demonstrated by such results. 
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[0069] Next, a sample was prepared as in the case of the Sample Na 3 except that the main composition of the 
recording layer was changed In the formula (I): AgJnbSbcTed such that 

a = 0.06, 
5 b = 0.04, 

c = 0.62, and 
d = 0.28. and 

the amount of the Ge added to the recording layer was varied in the range of from 0 to 2 at%. The samples were formed 
w with the record marks of 300 nm long, and evaluated by storing under high temperature, high humidity conditions as in 
the case of foregoing Examples. The results are shown in FIGS. 12A and 12B. FIG. 12A shows the results for the case 
wherein the sample was recorded only once after the initialization of the recording layer. FIG. 12B shows the results for 
the case wherein the sanrples were subjected to 1000 ovenwriting operations after the initialization. The amount of the 
Ge added is indicated in the figures. 
15 [0070] As denrxmstrated in FIG. 12A. increase in the reflectance during the storage is significantly suppressed by 
the addition of Ge. In particular, no sii>stantial increase in the rellectance was noted when Ge w^ added at an amount 
of 1 at% or more. FIG. 12B demonstrates that no substantial increase in the reflectance is noted when the Ge was 
added in an amount of 2 at% even when the medium was subjected to 1 000 cvenwriting operations and stored for 200 
hours. 

20 

ExarTple4 

[0071] The recording layer of the optical recording disc sample Na 1 prepared in Example 2 was initialized (crys- 
tallized) by a bulk eraser and the sample was placed on an optical recording medium evaluator. The sample was ever- 
ts vwrltten under the oonditk>ns as described bek3w: 

Laser beam wavelength: 634 nm 
Numerical aperture. NA: 0.6 
Linear velocity: 3.5 rrVs 

30 Recorded signal: single signal corresponding to the record mark length of 400 nm (= O.SSA/NA) . The recording 
pulse strategy was of the pattem shown in FIG. 8 wher^n: 

Ttop:T^:T^= 0.5: 0.32: 0.5. 

35 Number of multi-pulse = 1 . 
= 14.0 mW. 
Pe = 6.0mW.and 
Pb = 0.5 mW. 

40 The TEM photomiaograph of the recording layer after recording is shown in FIG. 3. FIG. 4 is the TEM photomicrograph 
of the recording layer which was recorded by repeating the procec^re as described above except that 

= 13.0 mW. and 
Pe = 5.5mW. 

45 

As demonstrated in FIGS. 3 and 4, adjustment of record imaxk width with no substartial alteration in the record mark 
length is enabled by changing the recording power in connectbn with the erasing power. FIGS. 3 and 4 also denrKxi- 
strate that a wkle recording power margin in fomning the record marks of a particular length is realized by such alteratk>n 
of the recording power in connection with the erasing power. 
50 [0072] For corrparison purpose, record marks were formed on an optical recording disc sample without utilizing the 
self erase phenomenon in the rear end portion of the record marks. The optical recording disc sample used was the 
one having the constitution the same as that of Sample Na 1 except for the thickness of the substrate which was 1 .2 
mm. and the recording was effected under the conditk>ns: 

55 Laser beam wavelength: 680 nm 
Numerical aperture, NA: 0.55 
Linear velocity: 1 .2 nVs 

Recorded signal: single signal corresponding to the record merit length d 400 nm (= 0.3X/NA) . The recording 
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waveform was single rectangular pattern with no pulse division wherein: 

= 5.2 mW, and 
Pg = 1.0mW. 

5 The TEM photonvcrogBph off the recording layer after recording is shown in FIG. 5. FIG. 6 is the TEM photomicrograph 
of the recording layer wttich was recorded by repeating the procedure as described atxsve except that: 

= 6.0 mW, and 
Pe = 1.0mW. 

10 

As demonstrated in FIGS. 5 and 6, in the case when the recoiding is conducted without utilizing the self erase phenom- 
enon, record mark width is reduced simuHaneousty with the record mark length when the record nrark length ts reduced 
by reducing the recording power. FIGS. 5 and 6 also denrK>nstrate that the recording power margin becomes narrow 
since the record mark length is affected by the recording power. 
15 [0073] It should be noted tfiat M^^l was 1 .33 or more in FIG. 3, and 1 .2 or wore in FIG. 4, while Mv^l was 0.83 
in FIG. 5, and 0.94 or more in Fia 6 

[0074] In the sample shown in FIG. 3. C/N was 51 .0 dB and the jitter w^ 7.5%, and in the sample shown in FIG. 
5, C/Nwas46.0dBandthej'rtterwas 13%. It shoukJ be noted that this jitter is the ckxic jitter obtained by rneasurernent 
of the readout signal on a time interval analyzer arxi cateulation by the formula: 

20 

a/Tw(%) 

when window width is Tw. 

[0075] For comparison purpose, record marks were fcHmed on the samples prepared as in the case of Exanrple 2 
25 except that the corrposition of the recording layer was GegSb^Tes. The recording was effected under the conditions: 

Laser beam wavelength: 634 nm 
Numerical aperturOi NA: 0.6 
Linear velocity: 3.5 m^s 

30 Recorded signal: single signal corresponding to the record mark length of 440 nm (= 0.42A/NA). The recording 
waveform was single rectangular pattern with no pulse division wherein: 
P^ = 11.0 mW, and 
Po = 5.0 mW. 

35 When the recording layer was observed with TEM, the recording marks formed were sut>stantialty circular in shape. 
When the sample was evaluated for the C/N and the jitter, C/N was sufficiently high at 51 .5 dB owing to the large record 
marks formed. The jitter, however, was as high as 13% despite the large record marks arxl the sut>stantially accurate 
mark length. In other words, this sample exhit)ited superior C/N owing to the increase in the area of the record mark 
corrpared to the sample which also had the ctroJar record mart® (see FIG. 5), while the jitter was not improved. The 

40 result as descrft>ed above reveals tfiat the decrease in jitter is realized t>y the formation the record marks having the 
shape as del'ned tyy the present invention. 

BENEFITS OF THE INVENTION 

45 [0076] In the present inventk>n, the record marks formed have predetermined rear end shape, arxi as a conse- 
quence, various problems associated with the high density recording by reducing the record mark length such as 
decrease in C/N, increase in fitter, and narrowing of recording power margin are suppressed. 
[0077] Japanese Patent /Vpplication Na 368539/1998 is incorporated herein by referenca 
[0078] /Although some preferred embodiments have been described, many nKxjiftcatk>ns and variations may be 

50 made thereto in the light of the atx>ve teachings. It is therefore to t>e understood that, within the scope of the appended 
claims, the invention may t>e practiced otherwise than as specifically described. 

Claln^ 

55 1. An optical recording method fa an optical recording medium having a recording layer of phase change type 
wherein amorphous record marks are formed in the recording layer t>y irradiatirtg the medium with a recording 
beam which is power-modulated between high power and low power, wherein 

minimum record marks are formed such that at least a part of the rear end protrudes toward the forward end 
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off the mark. 

2. An optical recording nnethod according to daim 1 wherein the rear end shape off the record niark protruding toward 
the fonward end Is formed by crystallizing the region that has been nielted by the irradiation of the recording beam. 

3. An optk;al recorcfing method according to daim 1 or 2 wherein the minimum record marls are fformed such that: 

Ml^0.4X/NA 

when Ml is length off minimum record marks, X is wavelength off the recording beam, and NA numerical aperture 
of objective lens of recorcfing optical system. 

4. An optk:al recording method according to any one of daims 1 to 3 wherein the nrvnimum record marks are formed 
such that: 

when Mw is wkith of minimum record marks and is length of minimum record nriarks. 
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FIG. 4 
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FIG.6 
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FIG. 7 
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FIG. 9 
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FIG. 11 
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